A study was conducted to assess the role of houseflies, Musca domestica L. in harbouring Corynebacterium pseudotuberculosis in dairy farms in Israel. The bacterium was isolated in June 1993 from 40 wild houseflies which had fed on a lesion on a cow, and from 28 laboratory flies fed on contaminated milk from a cow infected with mastitis. The bacterium was recovered from the body surface of 10 flies (of a total of 160) 10 min after being dipped entirely in a bacterial broth. The bacterium was recovered from the body surface of 10 flies (of a total of 40) 5 min after being fed on contaminated milk. When 110 flies were fed on contaminated sugar cubes, the bacterium was recovered externally from 70 flies 5 min later, and from an additional 20 flies 10 min after feeding. Of 110 flies, 80 excreted bacteria in saliva from 5 min to 3 h after feeding on contaminated milk. Bacteria were isolated from the intestine of 40 of 60 flies between 1 h and 4 h after feeding on contaminated milk. Bacteria were found in the faeces of 30 of 60 flies, between 1 h and 4 h after feeding on contaminated milk. In the light of these findings, and given the fact that this species of fly has a predilection to feed on milk residues of cow teats, the authors concluded that the housefly plays an important role in harbouring and disseminating C. pseudotuberculosis in dairy herds in Israel. In contrast, stable flies (Stomoxys calcitrans L.) are not important in the habouring and dissemination of the bacteria, since bacteria were not recovered 5,10, 15, 30 min, 2 h or 24 h after membrane feeding on a mixture of bacterial broth and blood.
Introduction
Corynebacterium pseudotuberculosis is a facultative intracellular parasite and is characterised by pyogenesis with suppuration and abscess formation in the cutaneous lymphatic system in many domestic animals (5, 7) . Occasionally, abscesses occur in visceral organs (7, 19) .
Cases of C. pseudotuberculosis mastitis in cattle have been reported only rarely (2,4,13).
Two biotypes of C. pseudotuberculosis exist, namely: a nitrate-negative biotype which parasitises sheep and goats, and a nitrate-positive biotype which infects cattle and horses (4) . Barakat et al. reported that both types had been isolated in cattle (3) . The possible role of arthropod vectors in transmission of the bacterium has rarely been studied. McGuire and Durant were probably the first to describe houseflies as vectors of Corynebacterium in humans; they found that the bacterium was isolated most frequently during May and June (11) . Addo found that houseflies (Musca domestica L.) could carry C. pseudotuberculosis on or in feet, body surfaces, mouth parts and gastrointestinal tracts, and could be mechanical vectors of the agent of ulcerative lymphangitis in horses (1) . Thomas concluded that a reduction in the prevalence of diseases caused by Corynebacterium spp. in animal populations may be achieved by improving general farm hygiene, including fly control (17) .
In Israel, infections with C. pseudotuberculosis occur from May to the onset of winter in December (13, 18) . In the summer, houseflies are abundant and become the most frequently encountered insect affecting cattle.
This study was undertaken between 1993 and 1996 to assess the role of houseflies in harbouring and disseminating C. pseudotuberculosis in dairy herds in Israel.
Materials and methods

Bacterial identification
Samples were inoculated onto 5% sheep blood agar, nutrient and McConkey agar and incubated at 37°C. The isolates were tested for nitrate reduction.
After 24 h, non-haemolytic pinpoint-size colonies appeared on the blood and nutrient agar. After further incubation for 24 h, the colonies reached a diameter of approximately 1 mm, appeared opalescent white and were surrounded by a narrow zone of haemolysis. No growth was observed on the McConkey agar plates. The colonies consisted of Gram-positive coryneform micro-organisms.
The organisms were identified by using the standard laboratory method described by Cowan (8) . Identification of the isolate was based upon morphology, cultural characterisation and biochemical reactions. The bacterium was nitrate negative and catalase positive. The bacterial inoculum for infection of flies and guinea-pigs originated from the milk of an infected cow.
Experiments with flies
Various experiments were conducted with flies, as follows: a) wild houseflies were collected for bacterial isolation, by net sweeping over ulcers on cows b) laboratory-reared houseflies were introduced to an ulcer on a cow and tested for infection c) laboratory-reared houseflies were caged for 1 h in a plastic netted structure into which the entire infected teat of a mastitic cow was inserted, after which the flies were tested for infection d) guinea-pigs that had been subcutaneously infected with C. pseudotuberculosis were used as a source for laboratory housefly infection e) attempts were made to use laboratory houseflies to transmit C. pseudotuberculosis from a subcutaneously infected guinea-pig to an artificially scratched uninfected guinea-pig f) contamination experiments with laboratory houseflies and milk from cows infected with mastitis comprised exposing the flies to the milk for 2-4 h g) the whole bodies of laboratory houseflies were dipped into a C. pseudotuberculosis culture broth to check the contamination of the flies after various time periods h) laboratory houseflies were fed on a mixture (1:1 v/v) of milk and C. pseudotuberculosis culture broth, and the contamination of the insects was monitored after various periods of time i) houseflies were fed on sugar cubes, each contaminated with 0.2 ml of C. pseudotuberculosis culture broth (each cube of sugar 1 cm 3 weighed 2.77 g) j) experiments were performed on houseflies to isolate C. pseudotuberculosis from saliva, faeces and intestines at various time intervals after feeding on a mixture of milk and C. pseudotuberculosis culture broth (1:1 v/v); saliva was collected with a bacterial needle from the C0 2 anaesthetising turntable; the immobilised flies were forced to salivate by pressing slightly on the thorax with forceps; faeces were collected with a bacterial needle from non-absorbent paper placed on the cage bottom where flies were kept after infected feeding; intestines were harvested from flies by dissection with an entomological needle and forceps k) stable flies (Stomoxys calcitrans) were membrane fed with a mixture of blood and C. pseudotuberculosis culture broth (1:1 v/v), using a day-old chick skin membrane; attempts were made to isolate the bacterium at various times after feeding l) to check whether the C. pseudotuberculosis bacteria are carried in the bloodstream after infection, a guinea-pig was infected by subcutaneous injection and then bled at various intervals over 3 days m) attempts were made to transmit C. pseudotuberculosis between subcutaneously infected and uninfected guinea-pigs using stable flies as vectors at various post-infection intervals n) attempts were made to infect stable flies with C. pseudotuberculosis by allowing the flies to feed on a guinea-pig which had been inoculated subcutaneously with C. pseudotuberculosis; the flies were fed at various intervals after infection of the guinea-pig.
Results
Wild houseflies
On five different dates in June 1993, net sweepings of flies were carried out over an open ulcer on a cow at the Volcani Centre experimental dairy farm, Beit Dagan.
Corynebacterium pseudotuberculosis was recovered from a swab taken from the ulcer, but the 200 flies collected over the ulcer gave negative results for C. pseudotuberculosis.
A net collection of 40 flies over an ulcer on another infected cow was also carried out in June 1993 and C. pseudotuberculosis was isolated.
Laboratory houseflies
In two experiments which were carried out in March 1993 and in which laboratory houseflies were caged for 1 h with C. pseudotuberculosis-infected teats of three cows and a teat of one uninfected cow (control), mastitic C. pseudotuberculosis was not recovered. In total, 340 houseflies were brought into contact with infected teats and 120 flies were brought into contact with uninfected teats.
In two separate experiments, two guinea-pigs in each experiment were subcutaneously inoculated with a suspension of C. pseudotuberculosis and subsequently developed ulcers. Laboratory houseflies were fed on the ulcers, but no C. pseudotuberculosis was recovered from the flies, 1-8 h after feeding.
Fifty houseflies kept for almost 24 h with a subcutaneously infected guinea-pig with an open ulcer did not transmit C. pseudotuberculosis to a second uninfected guinea-pig which had an artificial lesion. In an isolation attempt, all flies were found to give negative results for C.
pseudotuberculosis.
In three experiments, houseflies in cages containing 9 to 36 insects were offered milk samples for periods of 2 h to 4 h. The samples originated from three infected cows and an uninfected control cow belonging to the experimental dairy farm of the Volcani Centre. In total, 152 flies were offered infected milk and 81 were offered uninfected milk (control). However, C. pseudotuberculosis was isolated from only one sample of 28 flies which had been offered infected milk.
In six experiments performed from April to August 1993, to investigate the survival of C. pseudotuberculosis on the external surface of the houseflies after dipping the entire body of the fly into a culture broth containing 10 7 bacteria per ml, no C. pseudotuberculosis was recovered. In total, 877 houseflies were dipped in bacterial broth and 155 were not treated (control). Attempts to recover the bacterium were made at intervals of 5 to 10 min during the first hour and then 1 h to 4h.
In four experiments, two guinea-pigs were subcutaneously injected with C. pseudotuberculosis culture broth with titres between 1.1 x 10 7 and 5.8 x 10 6 , which caused the animals to develop ulcers. At 3, 7, 12 and 20 days following the infective injection, houseflies were fed on the ulcer, then washed with saline and inoculated on blood agar plates. No C. pseudotuberculosis was isolated in these occasions.
Survival of C. pseudotuberculosis on houseflies was tested in five experiments by dipping whole houseflies into 1 ml of contaminated culture broth (Table I ). In one experiment the bacteria survived on the external surface 10 min after dipping in 10 out of 160 houseflies.
In one of the two experiments in which houseflies were fed on a mixture of milk and C. pseudotuberculosis culture broth (Table II) , the bacterium was isolated from the abdomens of houseflies 5 min after feeding. Of the 40 fed houseflies, bacteria were isolated from only 10 abdomens, 5 min after feeding.
When 110 houseflies were fed on C.
pseudotuberculosiscontaminated sugar cubes (Table III) , the bacteria were recovered in 70 of the flies 5 min after feeding and from an additional 20 houseflies, 10 min after feeding. Recovery was made from 40 abdomens compared with 30 heads. The recovery of C. pseudotuberculosis from the saliva and faeces of houseflies following feeding on contaminated milk was tested (Table IV) . The saliva of 80 out of 110 houseflies contained C. pseudotuberculosis 5 min to 3 h after feeding on contaminated milk. In the intestine of 40 out of 60 houseflies fed on contaminated milk, C. pseudotuberculosis was recovered between 1 h and 4 h after feeding, while in the faeces, bacteria were recovered between 1 h and 4 h after feeding in 30 out of 60 houseflies.
In experiments in which stable flies were fed on a mixture of bovine blood and C. pseudotuberculosis culture broth (Table V) , bacteria were not recovered from the flies.
In three attempts to use stable flies to transmit C. pseudotuberculosis from a subcutaneously injected guinea-pig to an uninfected guinea-pig, no transmission of the bacteria occurred. The attempts were carried out at 2, 4 and 5 days after the infective injection of the donor guinea-pig.
Six attempts to infect stable flies by feeding on guinea-pigs which had been subcutaneously injected with C. pseudotuberculosis between 2 h and 5 days previously, did not result in the contamination of the stable flies (Table VI) .
To test whether, at any stage, C. pseudotuberculosis is carried in the peripheral blood stream of an infected animal, a subcutaneously infected guinea-pig was bled for 4 days following injection. On the day of injection, the first three samples were taken at 1 h intervals post injection and three additional samples at 2 h intervals. On the second day after infection, three blood samples were taken, on the third day two samples and on the fourth day three blood samples were collected. All blood samples proved negative.
Conclusion
The suspicion that houseflies are involved in harbouring and probably disseminating C. pseudotuberculosis was based on the observations that these flies are the most frequent visitors In this study, C. pseudotuberculosis from dry non-oozing ulcers of cows contaminated houseflies more than wet pyogenic ulcers. The contamination success of the housefly is increased when the labella of the fly scratch a dry ulcer rather than feeding on a wet pyogenic ulcer.
The fact that mastitic C. pseudotuberculosis was also isolated from laboratory houseflies fed on infected milk increases the potential economic importance of these flies. This study is the first to report the isolation of mastitic C. pseudotuberculosis from houseflies fed on infected milk.
The first isolation by the authors of the ulcerative form of the bacterium from naturally collected houseflies, in June 1993, corresponds exactly to the study conducted by McGuire and Durant (11) in Egypt and to the seasonality of C. pseudotuberculosis as reported by Shpigel et al. and Yeruham et al. (13, 18) . The isolation rate of C. pseudotuberculosis from washings of naturally infected houseflies collected over ulcers on cows was 17% (40 out of 240), which is substantially less than the 44% reported in the study on horses by Addo (1). This result is in sharp contrast to the negative findings obtained when houseflies were fed on ulcers of experimentally inoculated guinea-pigs. Houseflies have a predilection to feed on milk residues on the teats of cows, especially when the teats are warm and inflamed. Therefore, the isolation of mastitic C. pseudotuberculosis from laboratory houseflies fed on milk from infected cows was not surprising. The laboratory isolation rate was 18% (28 out of 152), which is probably higher than the natural contamination rate of houseflies near an infected dairy herd. Corynebacterium pseudotuberculosis survived for a very limited period (10 min) on the external surface of the houseflies which had been dipped in contaminated culture broth (Tables I, II and IV). This suggests that any possible role of houseflies in harbouring and disseminating the bacterium would depend mainly on the secretions of the fly. On the other hand, it can be assumed that the rate of recovery of C. pseudotuberculosis from the external surface of houseflies following experimental dipping is probably lower than the natural occurrence rate. Houseflies are naturally contaminated with many species of bacteria, which grow faster than C. pseudotuberculosis in the culture medium and probably cover the colonies of C. pseudotuberculosis. The contamination on the external body surfaces of the houseflies may be important mainly in disseminating the bacterium from a donor animal to susceptible animals nearby.
The results of this study concerning short-term external bacterial contamination are in contrast to the findings of Hillerton and Bramley (9) and Madsen et al. (12) , who reported that surface contamination of A. pyogenes, the summer mastitis agent, persisted on H. irritans for at least 4 and 7 days respectively. Tarry et al. reported that A. pyogenes could be recovered from female H. irritans flies as long as 16 days after feeding on laboratory cultures (16) . Three modes of external contamination of houseflies were used (Tables I, II and III) , and C. pseudotuberculosis survived for only 10 min following dipping and contaminated sugar feeding.
After the flies had been fed with contaminated milk, the closest imitation of the real dairy herd situation, the bacterium survived for only 5 min. The most important results were achieved by testing the intestine, saliva and faeces of houseflies following feeding on milk contaminated by C. pseudotuberculosis (Table IV) . The fact that the bacterium survived for 3 h in the saliva and for 4 h in the faeces makes the housefly a feasible mechanical vector that can harbour and As biting flies are also suspected to be mechanical vectors of summer mastitis (6, 14) , infection and transmission experiments were performed with stable flies, which are the most prevalent haematophagous diptera in dairy herds in Israel (Tables V and VI) . The negative results of these Subcutaneous inoculation of C. pseudotuberculosis into guinea-pigs caused ulcers and the bacterium was isolated from swabs taken from these ulcers, yet no bacterium was isolated from the peripheral blood streams of these guinea-pigs after inoculation. This, in addition to the fact that stable flies were not contaminated by membrane feeding on a mixture of blood and bacterium (Table V) 
Resumen
Los autores describen un estudio destinado a evaluar la función de la mosca común (Musca domestica L), como portador de Corynebacterium pseudotuberculosis en explotaciones lecheras israelíes. En junio de 1993 se aisló esa bacteria en 40 moscas comunes que habían comido en la lesión de una vaca, y en 28 moscas de laboratorio nutridas con leche contaminada de una vaca enferma de mastitis. La bacteria estaba presente en la superficie corporal de 10 moscas (de un total de 160) a los 10 minutos de haberlas empapado por completo en un caldo de cultivo bacteriano. Otras 10 moscas (de un total de 40) albergaban bacterias en su superficie corporal a los 5 minutos de haberse alimentado con leche contaminada. Asimismo, y tras nutrir con terrones de azúcar contaminados a 110 moscas, se comprobó la presencia externa de la bacteria en 70 de ellas a los 5 minutos, y en otras 20 a los 10 minutos. De 110 moscas que se alimentaron con leche contaminada, 80 excretaban la bacteria por la saliva entre 5 minutos y 3 horas después. Igualmente, entre 1 hora y 4 horas después de ingerir leche contaminada, se aisló la bacteria en el intestino de 40 moscas y las heces de 30 moscas (de un total de 60). A la vista de tales resultados, y teniendo en cuenta la especial predilección de la mosca común por los residuos de leche presentes en las tetillas de la vaca, los autores dedujeron que esta especie desempeña un importante papel como portador y en la diseminación de C. pseudotuberculosis en los rebaños lecheros israelíes. La mosca picadora de los establos (Stomoxys calcitrans L), en cambio, no parece intervenir como portador ni en la diseminación de la enfermedad, habida cuenta de la ausencia de la bacteria en esas moscas al cabo de 5,10,15, 30 minutos, 2 horas y 24 horas de alimentarlas a través de una membrana con una mezcla de caldo bacteriano y sangre.
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